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f^A : 



M ^ - # # ( Multi-band Electronic 

Circuits) JSL^tf^r^ • i#75#<Jffl «Att4frft*ftAttAJftffl@&«&- 



This invention is related to a multi-band electronic circuit and its design 
methodology. The application frequency band is switched from one band to 
another by changing the capacitance between the input and output terminals of a 
transistor. Compared with the prior art, our invention does not need off-chip 
inductor/capacitor or additional wire bonding, which is helpful to the 
enhancement of the yield and throughput and the reduction of cost. 
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4^^^^#W*S— 1t#rth (a multi-band electronic circuit ) 



**JM& * • tf*»**l&JAflUft-( Wireless 

Local Area Network, WLAN) -feffl 2.4 GHz, 5.2 GHz, 5.7 GHz m& - GSM ffttit, 
tttiLR 0.9 GHz, 1.8 GHz,1.9 GHz » £r3&£/fi & #c. (Global Position System, 
GPS) Gift 1.5 GHz itg-K. ° S Jfe»^*#*4t^*.IS|-i|fc#*A^ t • 

&&}4&mmtiLAn • • -rgUtfetefl 0.9 GHz, 1.8 GHz,1.9 GHz ^ti = i« 

&*BlW#*£ii » *m#£t (Noise Figure) ^/via^iL^jUiaifi. » #*#«-«^«43t 

*«t«tth • *oifc-#. » ^^i&^^^t;^©!*^^^^ ' 

I^Atjpl - a#-®m^t^^£igJBU&fl!4L^Ji:5$. (superheterodyne) 

: 4£A& 100 - 101 - i&iMAS 103 - 4M*.ftfe-&&8 104 Sjjg 

i£i£#i&;&ll 107 • >^iiffl«-gt-4L« Jl««lM - 4ALA& 109 - 8 HO - 

4B.**UtA8 112 - 4MMfe-tt&8 113 $I«Ufe&#&&8 116 » A 

^•HL^a • 118 - #i&ig#at&8 119 - te*«ufc*.8 121 - ttfluftft-auts 122 

*j#3M#*j&8 125 • £^ffl«&iL4L®:M&>lfc«&4£. • 

aas 103 ^atAmsfej.^>fg,^«i^Jt*» o ##n r **«;#.«8i'afcafe.n 104 

&#*mr. ' ®.f$m& ' AHits#iA8 107 #utii«#«--'p«r*-* 

• #l^jfc*IflJMlb-<ftfe#&8 128 *.^tRSfe*t>fit>fb • 
ffiM^#m*h • #§-£*pakft.— • ff&#b*t*fct«jlM^«8-'fg.^ifWfcA8 • 

— - T. Antes ftifo C. Conkling 1996 J| Microwave RF 

^f&:£. : "RF chip set fits multimode cellular/PCS handsets," • 

— * S. Wu B. Razavi 1998 Ji ^ IEEE JSSC ±.&&ZJk*. : 

"A 900-MHz/1.8-GHz CMOS receiver for dual-band applications," • 



» R. Magoon I. Koullias ^, L. Steigerwald W. Domino N. Vakillian E. 
Ngompe M. Damgaard K. Lewis,** A. Molna 2001 #t ISSCC Digest 

of Technical papers - "A triple-band 900/1800/1900 MHz low-power 

image-reject front-end for GSM," » 

va " K. L. Fong 1999 ^ ISSCC Digest of Technical papers 
$l3L$q3(L '• "Dual-band high-linearity variable-gain low-noise amplifiers for 
wireless applications," ° 

H. Hashemi &sfn A. Hajimiri 2002 ft ^ IEEE Transactions on 
Microwave Theory and Techniques JL$t£.3Li&X "Concurrent Multiband 
Low-Noise Amplifiers-Theory, Design, and Applications," TJ^ffl Is) — 4g,#Ht;&Ag 

H. Hashemi *jp> A. Hajimiri ^^f^{U4L'(6.#«J8tAII^«t*h**^ISI^#^. 
te*MfUfcA84L*ttf3irifc • IH^S*»4&4>«,afcASfl&«ttr** ' #*1R*— B ° * 
207 ££*fr*JH4fcEEKflf (ii^^r 50'**) » MAM 

201 • «.*^*^w#j**.*hifr/v«*itA*ift^m«t*«. • &rifc*&j§.Jt , iteffiM 

fl& MJ^Jiife H. Hashemi KJfo A. Hajimiri JMH^ifc M £ «(-£M&4fr1R.:& AS 6&1fc*f3fir 

A 50 MM 310 AT&;&#4*^/tf*MJMSt*-M 304 ^ » *XJtt«tT it*** 

4lM 307JL€^306 » a #-M$4**i3 • Jfc***UM*A.G& K^Jfe • >fc 
tAJtA' «tT«.«* *»*M312 A€«.313m&J&4Lil«P^*JK^ » #Jt*t7**P 
«l*4lM 301 JL€^ 302 • a «nME.*$>Jf**3 • stj&*#/*f«t^«-ft^ 

Jfe- ffi-T^-H. Hashemi J*> A. Hajimiri &7iM%fo%&&%&Z& : &&S&&£m$Lj& 

' *b«t*r— Ti«t^ ( BpM 301 - M 304 - M 307 » M 310 
*»M 312 . & t M 301 *>M 304 & *ttM 302 - 

<Sg.306*o^<&3i3 • *t^:^302 ' lfcfe##J8,#1R.#.AS5 tttt. 

ft S3 » *iMSAJ*-fc.MM : 201 * 204 - 207 fr-m&K _Ltf<£& : 

208) *£TMM*»ift'MM a **M * €&&a#if;&n . #i«.Aj»jft^*h 

MM » M( tb*AJ* -tttM * M«**A«.£ )• • 
« xa^^JlWMi^tHt^W — AJi -L - A£ ^4LMA€£^K*h*-*T*Ml 

«ttH8,OUWfcA»4&»*« ' M*MW ' -*AH*M*M**# 

«LA ' — A JiJittM (Quality Factor) » <fr&&&tfL&$&. 
##4b • flttt*«ttr-llS.*11WfcA*H* ' -*L&*4ft:lSifc'ft.ffl M • * H. Hashemi 
A. Hajimiri ftm^ifc #}*&Qp&i%fr> , %.MtiLm • 

S^*t**-«^^M^fflit4X^««^#Ti!iL'^)SfeAm^«®:M^ 
AS • 
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i?a * -ft 1f ■££ ® ** * * IS ( Bipolar Junction Transistor or Heterojunction Bipolar 
Transistor) &&&&1(kWilft%<\±&%:%%*' s r&.Z-7tft I t#&€**# 

«*#m*ft#*4±i£4fe*^£^7G# ' «>§ta***^*ft (#****i£ii-f & 

********* ' J#54:€***W*) m^f-J^*^ ' fl&ifc*J#4MK#*.at* • « 
£***«**] • *^***&4L*k#r^*$: ' ^#**-4t**&&*&*& (Miller 
capacitance • £73***-#**S-#rab£) • «-***!« *<iit*-«* 8 ' M*>V* 
**JS4L*il^«^jfc**T**^m«)t^# » #&£**##*P3*K**'l±ii.4fc^ 

. M.-sraet^^**^^^^*^ • it*-?--*. • 
^A^j-^-m^-s.- AjM^rttfta-dUMMMtH (*«**«.*«) *«i±i£4£*s 

*fe7fc# » #*#$&SU6 ' ***** (*«*) J»-t-*«Jb**4fc§fcA • H ■&**&# 
- /*rJ*4B*h*S*»4MI ' • 3fc&Jg>&o*^ » 4ftt*4MJt 

^M^ra® • & 75**4^*2.4/ 5.2/ 5.7 GHz ^^A^Jfe^***] W** 

m • ^#b*«s-t^'in^«.ffl****« » *«.«Jt*t****»Ttt • #-*j& 407 

H#^*|&412 300 ft** ; % =.*fia410 * 600 : jLalLiai»/3LaUn^** 
409 *3pF 408 #£—*** 413 #*aM*Mj* 12. 18 -«Mr*t# • ft 

^ TSMC 0. 35um SiGe BiCMOS &*. • £jfc£«JBM&#m;!fc;*.SS t • 
3la^4L— fcj&uaw 403 A-*&1S 415 13 1 # -«.**« 408 ** 

*fc&#**84Lra • fc-&&mM^m.& : § • **&*«*. 

&*fr>V*£. C IN • C, N *»»-&**-*-#*& 404 • 7 ifeA^BUfcE B&6#» • 
«>t9*HH 403 >F*f3& ' BP&&mM 403 **Jft.B* • JbHfr<&*>1T*6*{ t #>fr*.*-fc. 

*& 404 JMt A. Jt -«.* *****SS4L&*frA*£. Cm faj&*.#4RK-»TSfe A*. 5.2/ 
5.7 GHz (WLAN IEEE 802.11a) ^J^^m^LVLWL ° #*9&8f§ M 403 

M. • *»*0*miw 403 ^iimss-Bf . #-^*****^#**&4lwh£jm»t 

-«*M 415 • &^A.#-&*****«&4JtM&A.*5gL C, N *g A • 4fcffij&>fc*.* 
ittM 404 &£A.J&-&**tt**^4L&J&A.*# C m tejft*.#*JK^nfcj&* 
2.4 GHz (WLAN &#.&J*lfffft.IEEE 802.11b) ttJfr^lB&CK • 414 3p 

«-'<UMfcfl TS#*I& 410StA|fr|IJlMJLEEK-^«*ft-fl(|H4fcK»fi&*S«,T(« 
*» zero-IF A low-IF *«UMtX.T) ' ^*PFffl EJ#*I& 410 • * 

SL407 Jl*|3L412 *^#J*#--«.***2l# — «.**«4L^ ft, - *M t 



□ *8#h (^ajiftBjM^MB^ • mmmmmmm 
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#*']•> 

5.2/5.7 GHz 3£ (#UH-^& S21 ) i£f'J 7 22 dB fo 20 dB ( ^Jfc£ iH ) ' ffi>fc# 
###^T ( &P^&M M 3Mitttt- iJLT ) ' i&£ m&fam «Wfc A 2.4 GHz 
(ft4t#-*tS 2 i) 3fc*IT 23 dB (*Ht*-bH)- *##^#-T (BptV*HMit«- 
6d it -XT ) ' * £ *l*4M**Ufc A £ *f-*M&^l3Mk# EL a&^& ( it * «#UH" t 

^*ri&*l& input return loss S n 3Mt?F ) • 5.15 GHz fa 5.35 GHz ^g.^-20 dB 
«T ( ) • 5.725 GHz #0 5.825 GHz 4LIBJ tt.4&*$>-16 dB «T ( ) 0 

tt£ (Sn ) » >gL 2.4 GHz #0 2.5 GHz 4L« £te#*-22 dB «T ( *46.*#) 0 

#tfM&#-T (^P^P^MKfSS-^'If-XT) ' &£««te**«UfcA**.5.2/5.7GHz 
ifc*tf§*ta*«l& 2.75 dB*» 3.0 dB flij*#41^#r— T (&Pfe7*&&1M$- 

i&#lf >XT ) ' 2.4 GHz ##-§M§&A 2.6 dB ( • 802.11a A 

802.11b (WLAN) *J&ffi tfq-§ ' H&4Mfl&A8^#*l#ifc*4M&* 5 

dB gp -T ' (^iH ) $ri&mH>b1fc -10 dB Bp-»T ' 10 dB &p-»T • B*t& 

tl^tttfc ' flU***^*.***! : 2.4/ 5.2/ 5.7 GHz £ 4K&4S.*fiiatX 8 ' £-#M#S* 
if & - - ^r^flMfceE &Z&J$LXtf}&m. • 2.4 GHz - 5.2 GHz 5.7 GHz 

^«a:T4!I5^-^#^6<j^r«fe#* • X • *>^fiUfr/M*ig.«i& input return loss S n 

& • ^IT^fe-H & 1: & * Ait^ifc ft € 4±i£« - * J» ^M^t 
• 4M:teffl-^g€&l§-<fe.&" ! T«# 0 ~$-t±.^%WZ-*L$b%Mn% » Jl*^2003 
41 International Solid State Circuit Conference t-SMi. 0 *t1M£73 **HMM* 

*#<ll£l8#r«£ - 



| = |^H. Hashemi A. Hajimiri WM^IM«M^IS €«8-B 
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%vam%,&MftitfcW (2.4/ 5.2/ 5.7 GHz £«&telMfl;$fcAg ) #«S8-K 
*iH**j|>J#ir*fc*l(2.4/ 5.2/ 5.7 GHz ^Ma^m^A^)^^^^- 

%^m^mftW(.1AI 5.2/ 5.7 GHz £#«te#tfl*AS)JMM*fc#--T 

^4^^^(2.4/5.2/ 5.7 GHz Pm#&miMk.*>*y&%k4/t4kft~ 

£*#]^*fc#K2.4/ 5.2/ 5.7 GHz #«^-fg,#tfl*tAS)>i9L#^^#— 
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4fc*6 Nl » 75 It £H« A R|jt«*.- $ flffe^W - 

8. *>tit***&lll* 5*^#«M****mtf:fr*»* + *Aftttffl<Ml** 
^H€^^«t'75#*l^€Aflt6<iWI*^a^P^mJ|»^-$fl»fe^6<i- 
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>^*s n « » 73 *$ * a ft lij TA&m « c * ss 
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71 ft #1 • tt^6l'M«t^£8'^«ft • ffiiit^,^^ 

13. *atft4*J&ffl# 12 3t*-2««:f;^«s&- . &t • 

14. *»?Sfr**'JI£II3S 12 31*, 2 • &tt£€.f a 3ft&«t«.r a Sft° 

15. *>t i2^4L^^t:^i:sg-'*t^€^»r^7o#4r-*^^ 

16. *»ttf#*J3&ffl# i2^4L^«mi:^€s8-'*t^ , t^-=r^it^^--sr^i:^ 
n • 

17. *»?«MMfcl|£ffl£ 13^^^««.€^-«58-'*t««a»^*&^^^*«fl6 

19. *»t*)MMf'J|&B# lT^^^^a^^t^'^t^t^^^t^^-t^ 

20. *»t«MMH4&tt* 14^4L^«a«^««8-'*t««Sfl|4L*&>^iS&^W«iS5fl& 

21. *»t*jMMM|£B£ 20^^#^a«^l:a8- ' *t«€a«4Li«L^«SS^*!i« 

22. ft##'m®$ 20^^#««:€^f:«S-'*t^ , tSli4L^^^-t:^ 

23. *t«MMH4&nit i3*%&% nm&% 19 & 

24. *>t***!J&lll# 13 17^^,^ 18^$ 19^4l^«^€^€^' * 
26. fetHMMH&ll* 14 20 ^^.^ 21 3ti££ 22 ' * 
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; 1 mm 

; JM*#-*««A*ft****aii«*.-- , t# ; 

4t*«Jfc iit**« 3 - J** i£&^# — Sift : # — £ 
% — & &4l!MS##&«8 H 4l £ -2- € la : a Aafc#*M* ^ - % & |ft4L 

' • 

29. 27^^««.€^-«s«»'*t««^«>7b#A-^rSt«^ 
S - 

30. *»t*fr-£*!lf£H# 27Jgi&# 28^^,^ 29 3g4L££l&«^<fcSS.' *t %-ML 

31. -tiiSRtfw ' ; #M*#-«*fc«&« 

; #Ma£-J#&€&flft^a&*fc£*^£--«J& ; Hit 

U*U.fflMH[«^«J9 Afft ; A 

fft*.aus*Miii*ttfl5— €ia ; ft*fc|E~«iB^£ ; afc**M* 

33. *t ******* 26 3«^*«*-f-*J».»*t*<*n"«*#*-'q"tl*«. 
93 - 
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